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ABSTRACT
W hen le a v e s  of 7 - 9 -d a y -o ld  s u s c e p tib le  o a t s e e d lin g s  grow n 
in  a 1:1 s a n d - s o i l  m ixture in  th e  lab o ra to ry  (22-25  C) w ere  tr e a te d  
for 12 h r w ith  a  so lu tio n  of v ic to rin  (4 u n its /m l)  c o n ta in in g  0 . 1M 
C a C l2 , th e  ty p ic a l  v ic to r in - in d u c e d  sym ptom s ( le a f  d is c o lo ra tio n , 
w il t in g , and  p e rm eab ility  c h an g e s) w ere  s u p p re s s e d . P re -  and  
p o s t- tre a tm e n ts  w ith  C a C l2 w ere  much l e s s  e ffe c tiv e  in  sym ptom  
s u p p re s s io n . S tron tium  ch lo rid e  (0 .1M ) w a s  found to  be  p a r tia lly  
e ffe c tiv e  w h e re a s  N aC l (0 .2 M ), KC1 (0 .2 M ), and  B aC l2 (0 .1M ) had  
no e f f e c t .  The e ffe c t of v ic to rin  w a s  en h an c ed  by M n C ^  (0 .1M ) 
and M gC l2 (0 .1 M ). The su p p re ss iv e  e ffe c t of C a C l2  w a s  p a r tia lly  
re v e rse d  by add ing  N a C l, KC1, o r M gC l2  to  th e  v ic to r in -C a C l2  
so lu tio n , w h ile  a d d itio n s  of B aC l2  or S 1C I 2  h ad  no s ig n if ic a n t  
e f f e c t .  C a lc iu m  c h lo rid e  w as a b le  to  su p p re s s  v ic to r in - in d u c e d  
re s p ira t io n  bu t not n ea rly  a s  m uch a s  i t  su p p re s s e d  th e  p e rm eab ility  
c h a n g e .
P h y to k in in s  a re  known to  en h an c e  th e  e ffe c t o f v ic to rin  on 
p e rm e a b ility , b u t th e  su p p re s s iv e  e ffe c t of C a C l2  w as not found 
to  b e  s ig n if ic a n tly  a lte re d  by e ith e r  p re tre a tin g  or s im u lta n eo u s ly  
tre a tin g  th e  t i s s u e  w ith  k in e tin  (2 ppm ). The en h an c in g  e ffe c t of 
k in e tin  p re trea tm en t w as a ls o  su p p re ss e d  by s im u lta n eo u s ly  p re ­
tre a tin g  th e  t i s s u e  w ith  C a C ^ .
vi
C alc iu m  n u tr it io n  t e s t s  su g g e s te d  th a t  th e  s u s c e p t ib le  o a t 
v a r ie ty ,  V lc to rg ra ln  4 8 -9 3 , w a s  more s e n s i t iv e  to  c a lc iu m  d e f ic ie n c y  
th a n  w a s  th e  r e s i s ta n t  o a t v a r ie ty ,  C . I .  7 4 1 8 . C e r ta in  s im ila r i t ie s  
a ls o  e x is t  b e tw e e n  v ic to r in - in d u c e d  an d  c a lc iu m  d e f ic ie n c y - in d u c e d  
v is ib le  an d  u l tr a s tru c tu ra l  c h a n g e s .
T h e se  d a ta  S u g g est th a t  c a lc iu m  may p la y  a n  Im portan t ro le  
in  v ic to r in - in d u c e d  d i s e a s e .  A lthough th e  m ech an ism  o f th e  
s u p p re s s iv e  e f fe c t  o f  C a C l2  h a s  no t b e e n  e lu c id a te d ,  th e  p re lim in a ry  
d a ta  o b ta in e d  from c a lc iu m  n u tr itio n  t e s t s  m ay p ro v id e  a  c lu e  to  th e  
m ech an ism  o f r e s i s ta n c e  to  v ic to r in -  o r H elm ln thospo rlum  v ic to r la e -  
in d u c e d  d i s e a s e .
v ii
REVIEW OF LITERATURE
Soon a f te r  M eehan  an d  M urphy d e sc r ib e d  V ictoria  b lig h t o f o a ts  
(29 ), th e y  repo rted  th a t  th e  c a u s a l  a g e n t , H elm in thosporium  v lc to r ia e  
M eehan  an d  M urphy , p roduced  a to x ic  p roduct in  v itro  w h ich  w ould  
in d u ce  a l l  th e  v is ib le  sym ptom s o f th e  d is e a s e  (3 0 ). T his w ork and 
L itz e n b e rg e r 's  in  1949 (24) a ls o  show ed  th a t  bo th  th e  fungus and i ts  
to x ic  p roduct w ere  very  h o s t s p e c i f i c . O nly o a t v a r ie t ie s  d e riv ed  
from V icto ria  w ere  a f fe c te d . T h is to x in  w a s  la te r  d e s ig n a te d  
"v ic to rin "  by Luke atid  W h e e le r  (26) w ho a ls o  d e v e lo p ed  a  ch em ic a lly  
d e fin e d  medium  for i t s  p ro d u c tio n  and  a  q u a n ti ta t iv e  b io a s s a y  fo r i t s  
a c t iv i ty . L ater w ork h a s  e s ta b l is h e d  v ic to r in  a s  a p a th o to x in  (39) , 
and  a s  s u c h , th is  to x in  p ro v id es  a  v a lid  an d  u se fu l to o l for s tu d ie s  
of p h y s io lo g ic a l c h a n g e s  in  d is e a s e d  p la n ts .  M ost no tew orthy  of 
th e  p h y s io lo g ic a l sym ptom s a re  c h a n g e s  in  r e s p ira tio n  and  p e r­
m eab ility  (20 , 3 2 , 3 6 , 3 7 ).
V ic to rin -in d u ced  c h a n g e s  in  p e rm e ab ility  c o u ld  be  d e te c te d  
so o n e r th a n  c h an g e s  in  r e s p ira t io n  (37); th is  su g g e s te d  th a t  p e r­
m eab ility  c h a n g e s  m ight be  in d ire c tly  re s p o n s ib le  for th e  re sp ira to ry  
c h a n g e s  by  u p se ttin g  th e  b a la n c e  o f s a l t s  or o th e r  m a te r ia ls  in  th e  
c e l l .
The d u ra tio n  of th e  e le v a te d  ra te  of re s p ira t io n  in d u ce d  by 
v ic to r in  co u ld  be  m arkedly  re d u c e d  by le a c h in g  th e  t i s s u e  in
d is t i l le d  w a te r  (1 ). T h is su g g e s te d  th a t  som e m a te ria l le a c h e d  from 
v ic to r !n - tre a te d  t i s s u e  w a s  re s p o n s ib le  for m ain ta in ing  th e  e le v a te d  
re sp ira to ry  r a t e .  A n a ly sis  o f th e  le ach in g  s o lu tio n s  show ed  th a t  
v ic to r in - tr e a te d  t i s s u e  lo s t  m uch la rg e r  q u a n ti t ie s  of c e r ta in  o rg an ic  
and  in o rg an ic  m a te r ia ls  th a n  d id  c o n tro l t i s s u e s  w ith  th e  m ost 
n o tab le  b e in g  th e  lo s s  o f p o ta s s iu m , w h e re a s  on ly  s lig h t d if fe re n c e s  
in  ca lc iu m  and  sod ium  w ere  d e te c te d  (6 , 7 ) . Amador an d  W h e e le r  (2) 
w ere  a b le  to  red u c e  th e  le a ch in g  e ffe c t by le a c h in g  in  0 . 1M KC1 
ra th e r  th a n  in  d is t i l le d  w a te r; h o w ev er, le a c h in g  in  0 .1 M  C a C ^  
w a s  found to  red u ce  th e  d u ra tio n  of th e  e le v a te d  re s p ira t io n  ev en  
more th a n  le a c h in g  in  d is t i l le d  w a te r .
T h ese  d a ta  on  lea ch in g  s u g g e s t th a t  c e r ta in  c a tio n s  may p lay  
an  im portan t ro le  in  th e  d is e a s e  sy n d ro m e . C a lc iu m , in  p a r t ic u la r ,  
i s  th o u g h t to  be  im p o rtan t, e s p e c ia l ly  in  v iew  of th e  s im ila r it ie s  
o b se rv ed  by H an ch ey , L uke, an d  W h ee le r (16) b e tw ee n  v ic to r in -  
in d u ced  u ltra  s tru c tu ra l c h an g e s  in  root c e l l s  of o a ts  and  s u b -  
m ic ro sco p ic  c h a n g e s  rep o rted  by  M arinos (28) in  ca lc iu m  d e fic ie n t 
sh o o t ap ex  c e l ls  of b a r le y . In  a d d it io n , ca lc iu m  n u tr itio n  h a s  b e en  
c o rre la te d  w ith  d is e a s e  r e s is ta n c e  in  s e v e ra l  o th e r p lan t d i s e a s e s  
(5 , 2 1 ). C a lc iu m  is  a ls o  know n to  p lay  a n  im portan t ro le  in  c e l l  
w a ll s tru c tu re  (9) and  m em brane in te g r ity  (28) a s  w e ll a s  ion  u p tak e  
and  c e l l  p e rm e ab ility  (14 , 17). D ra s tic  c h an g e s  in  p e rm eab ility  
w ou ld  p resum ab ly  have  to  in v o lv e  th e  c a lc iu m  co m p lex . I t seem ed
d e s ira b le  th e re fo re , to  s tu d y  th e  e f fe c ts  o f v ic to r in  so lu tio n s  c o n ­
ta in in g  d iffe ren t s a l t s  on th e  p e rm e ab ility  o f s u s c e p t ib le  t i s s u e .  
Some o f  th e  r e s u l ts  p re s e n te d  in  th is  p a p e r h a v e  b e e n  p u b lish e d  in  
an  a b s tra c t  (11 ).
MATERIALS AND METHODS
The fo llow ing m e th o d s , m odified  from W h ee le r  and  B lack (37), 
w ere  u se d  to  de te rm ine  p e rm eab ility  c h a n g e s  u n le s s  o th e rw ise  
s p e c if ie d , (a) Leaf t i s s u e  from 7 -  to  9 -d a y -o ld  o a t s e e d lin g s  
(Avena s a t lv a  L .) o f th e  v a rie ty  V ic to rg ra in  48 -93  grow n in  a  1:1 
s a n d - s o i l  m ixture in  th e  lab o ra to ry  a t 2 2 -25  C w a s  th e  so u rce  o f 
s u s c e p tib le  t i s s u e . (b) The le a v e s  w ere  e x c is e d  an d  a llo w ed  to  
ta k e  up e ith e r  a  so lu tio n  of v ic to r in  c o n ta in in g  4 u n its /m l (26) or 
d is t i l le d  w a te r  (co n tro ls) for 12 h r .  (c )  The e x c is e d  le a v e s  w ere  
th e n  rem oved and  th e ir  b a s a l  p o rtio n s  c u t o ff and  d is c a rd e d .
(d) The rem ain ing  t i s s u e  w a s  th e n  cu t in to  2 .5  cm s e c tio n s  and  
0 .5  g sa m p le s  w ere  p la c e d  in  25 ml of d i s t i l le d  w a te r  in  250 ml 
E rlenm eyer f l a s k s ,  and  sh a k e n  a t th e  ra te  of 1 2 0 -s tro k e s /m in  
w ith  a  h o r iz o n ta l- s tro k e  m ec h an ica l s h a k e r ,  (e) E le c tr ic a l c o n ­
d u c tiv ity  m easu rem en ts  o f th e  am bien t s o lu tio n s  w ere  m ade w ith  
a  c o n d u c tiv ity  b rid g e  a fte r  1 / 4 , 2 , 4 ,  an d  8 h r an d  th e i r  s p e c if ic  
c o n d u c ta n c e s  in  re c ip ro c a l m icro -ohm s (m icrom hos) c a lc u la te d .
The p e rc e n ta g e  d iffe ren c e  b e tw ee n  th e  8 h r c o n d u c tan c e  v a lu e s  
of th e  am bien t s o lu t io n s , in  w h ich  th e  c o n tro l and  tre a te d  t i s s u e s  
had  b e e n  s h a k e n , w as d e te rm in e d . T h is p e rc e n ta g e  ch an g e  
( in d ic a tiv e  of a  d iffe re n c e  in  e le c tro ly te  le a k a g e  from tre a te d  and  
c o n tro l t is s u e )  w as  th e n  u se d  to  e s tim a te  th e  p e rm eab ility  ch an g e
in d u ced  by v ic to r in  and w ill  be  freq u en tly  re fe rred  to  in  th is  p ap e r 
a s  th e  v ic to r in - in d u c e d  p e rm eab ility  c h a n g e . N ine r e p l ic a te s  w ere  
u se d  for e a c h  tre a tm e n t.
In  t e s t s  for e ffe c ts  o f d iffe ren t s a l ts  on  th e  v ic to r in - in d u c e d  
p e rm eab ility  c h a n g e , 0 .2 N  ch lo rid e  s a l t s  w ere  ad d ed  to  th e  s o lu ­
tio n s  d e sc r ib e d  in  s te p  "b" a b o v e . The c h lo rid e  s a l t s  o f so d iu m , 
p o ta s s iu m , c a lc iu m , s tro n tiu m , b a riu m , m ag n esiu m , an d  m anganese  
w ere  t e s t e d . C a lc ium  w as a ls o  t e s te d  a s  th e  n itra te  and  c a rb o n a te .
A s im ila r s e r ie s  of t e s t s  w a s  m ade on  th e  e f fe c ts  o f c e r ta in  
s a l ts  on  th e  v ic to r in - in d u c e d  p e rm e ab ility  c h an g e  in  th e  p re se n c e  
of 0 .1 M  C a C l2 * C a C l2  w a s  ad d ed  to  th e  v ic to r in  so lu tio n  (v ic to r in -  
C aC lg) and  to  d is t i l le d  w a te r  (C a C ^  con tro l) in  s te p  " b " . N a C l, KC1, 
SrClg* B aC ^*  or M gC l2  w a s  th e n  added  to  th e  v ic to r in -C a C ^  or 
C aC lg  c o n tro l so lu tio n s  a t  s te p  " b " .  S tep  " d ” w a s  a ls o  a lte re d  in  
th is  s e r ie s  of ex p erim en ts ; 0 .2 5  g sa m p le s  w ere  p la c e d  in  15 ml 
of d is t i l le d  w a te r  in  125 ml E rlenm eyer f l a s k s .
S in ce  p h y to k in in s  h av e  b e e n  rep o rted  to  e n h an ce  th e  p e r­
m eab ility  ch an g e  in d u ced  by v ic to rin  (27), t e s t s  for e f fe c ts  of 
C a C l2  on th is  en h an cem en t w ere  m ad e . In  o n e  s e r ie s  o f t e s t s ,  
c u t s tem s w ere  p re tre a te d  w ith  2 ppm k in e tin  for 12 hr b e fo re  tra n s fe r  
to  v ic to r in -C a C l2  o r C a C ^  c o n tro l so lu tio n s  a t  s te p  " b " .  In  an o th e r 
s e r ie s  of t e s t s ,  th e  cu t s te m s  w ere  a llo w ed  to  ta k e  u p , s im u lta n ­
e o u s ly , v ic to r in -C a C l2 -k in e t in  o r C a C l2 -k in e t in  c o n tro l s o lu t io n s .
In s t i l l  an o th e r s e r ie s  o f t e s t s ,  c u t s te m s  w ere  p re tre a te d  w ith  C a C l2  
and k in e tin  fo r 12 hr b e fo re  t ra n s fe r  to  v ic to r in  or d is t i l le d  w a te r  
c o n tro l s o lu t io n s .
O at se e d lin g s  of a s u s c e p tib le  v a r ie ty  (V ictorgrain  48 -93) 
and of a r e s is ta n t  v a rie ty  (C . I .  7418; a  r e s i s ta n t  m utan t o f 
V ictorgrain) w ere  grow n in  w a sh e d  sa n d  w a te re d  d a ily  w ith  Arnon 
and H o a g la n d 's  n u trien t so lu tio n  (3 ). The n u trie n t so lu tio n  w as 
m odified  by s u b s titu tin g  NaN 0 3  *o r C a(N 0 3 ) 2  to  de te rm ine  if  th e  
tw o v a r ie t ie s  d iffe red  in  th e ir  s e n s i t iv i ty  to  d iffe ren t le v e ls  of 
c a lc iu m  n u tr it io n . C a lc ium  le v e ls  in  th e  n u trie n t so lu tio n s  w ere  
th e n  a d ju s te d  by su pp ly ing  0 (d e f ic ie n t) , 3 '(low) or 10 (normal) 
mM C a C ^  • V isua l o b se rv a tio n s  w ere  m ade on  th e  le a f  an d  root 
sy s te m s  a f te r  14 d a y s .  T hree s e p a ra te  t e s t s  w ere  ru n .
P re lim inary  e x p erim en ts  w ere  c a rr ie d  ou t to  s e e  w h a t e ffe c t 
C a C ^  w ould  hav e  on v ic to r in - in d u c e d  re sp ira to ry  c h a n g e s . 
R esp ira to ry  r a te s  w ere  d e te rm in ed  ma nom etric  a lly  a s  d e sc r ib e d  by 
Krupka (20) e x c e p t th a t th e  m ain com partm ent o f e ac h  W arburg f la s k  
c o n ta in e d  2 ml of d is t i l le d  w a te r .  L eaves from 8 -d a y -o ld  s u s ­
c e p tib le  oa t s e e d l in g s ,  grow n a s  p re v io u s ly  d e s c r ib e d , w ere  u s e d .
In  tw o e x p erim en ts  cu t s te m s  w ere  g iv en  a  12 hr or a  24 hr u p tak e  
in  C a C l2 (0 .1M ) + v ic to r in  (25 u n its /m l)  or C a C l2  c o n tro l so lu tio n s  
b efo re  re sp ira to ry  ra te s  w e re  d e te rm in e d . In a n o th e r  experim en t cu t 
s te m s w ere  g iv e n  an  11 h r u p tak e  in  C a C l2  (0 .1M ) th e n  tra n s fe rre d
to  v ic to r in  (25 u n its /m l)  o r d is t i l le d  w a te r  c o n tro l so lu tio n s  for 14 
h r . In  a fourth  experim ent cu t s tem s w ere  p la c e d  in  C a C l2  (0 .1M ) + 
v ic to r in  (4 u n its /m l)  o r C a C l2  c o n tro l so lu tio n s  fo r 21 h r . D u p lic a te  
sa m p le s  w ere  run for each  tre a tm e n t.
RESULTS
The e f fe c ts  of s a l t s  on  th e  v ic to r in - in d u c e d  e le c tro ly te  lo s s  
a re  show n in  T able  I .  The c h an g e  in  e le c tro ly te  lo s s  w a s  a lm ost 
co m p le te ly  s u p p re s s e d  by C a C l2  and  p a r t ia l ly  s u p p re s s e d  by  S r C ^ .  
N a C l, B aC l2 , and  KC1 h ad  no s ig n if ic a n t  e f fe c t  on th is  c h a n g e , 
w h e re a s  M gC l2 and  M nC l2 e n h an c ed  th e  e ffe c t of v ic to r in  on 
e le c tro ly te  l o s s .  The v is ib le  sym ptom s in d u ce d  by v ic to r in  ( le a f  
d is c o lo ra tio n  and  w iltin g ) w ere  a lm o st c o m p le te ly  su p p re s s e d  by 
C a C ^  and  p a r t ia l ly  su p p re s s e d  by S r C ^  (F ig s . I an d  I I ) .  T hese  
re s u l ts  a g re e  w ith  th e  p e rm eab ility  d a ta  in  T ab le  1. C a lc iu m  w as 
e q u a lly  e f fe c tiv e  a s  th e  c h lo r id e , n i t r a te ,  o r c a rb o n a te  in  th e  s u p ­
p re s s io n  of v ic to r in - in d u c e d  sy m p to m s. P re -  and  p o s t- tre a tm e n t 
w ith  C a C ^  w a s  m uch l e s s  e f f e c t iv e , b u t th e  long e x p o su re  (12 hr) 
to  v ic to r in  may h av e  dam aged  th e  t i s s u e  beyond  th e  p o in t of 
re c o v e ry . E xperim ents w ith  low er c o n c e n tra tio n s  o f v ic to r in  and 
sh o rte r  e x p o su re s  sh o u ld  be  c a rr ie d  o u t .  V isual o b se rv a tio n s  of 
th e  c o n tro l t i s s u e s  show ed  th a t M gC l2 and  e s p e c ia l ly  M nC l2 
(F ig s . I and  II) c a u s e d  le a f  f lec k in g  and  c h lo ro s is  a t  th e  c o n c e n ­
tra t io n s  u s e d .  T h is to x ic ity  may b e  r e s p o n s ib le ,  a t l e a s t  in  p a rt , 
for th e  e n h an c in g  e ffe c t  of th e s e  tw o s a l t s .  H ow ever, th e  c o n ­
d u c ta n c e  v a lu e s  o f th e  c o n tro l am bien t so lu tio n s  c o n ta in in g  th e
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T ab le  I .  E ffect o f s a l t s  on  th e  v ic to r in - in d u c e d  e le c tro ly te  lo s s  from 
s u s c e p tib le  o a t t i s s u e .
C o n d u c tiv ity  (M icrom hos)
S a lt so lu tions®
C o n tro ls  
(no v ic to rin )
V ictorin  
(4 u n its /m l)
Change*3 
(% o f co n tro ls)
M nC l2 (0.1M ) 67 296 342 a
M gC l2 (0 .1M ) 63 272 332 a
N aC l (0 .2M ) 65 235 262 b
None <h 2o ) 46 161 250 b
B aC l2 (0.1M ) 67 231 245 b
KC1 (0 .2M ) 72 248 244 b
S rC l, (0 .1M ) 69 173 151 c
C a C l2 (0 .1M ) 73 90 23 d
a C ut s tem s w ere  g iv en  12 hr u p take  in  s a l t  (con tro ls) or v ic to r in -  
s a l t  so lu tio n s  th e n  p la c e d  In d is t i l le d  w a te r  and  sh a k en  for 8 h r .
b Each ch an g e  d iffe rs  s ig n if ic a n tly  a t th e  0 .0 1  le v e l  from o th e r 
c h a n g e s  w ith  w h ich  i t  d o e s  not have  a  le t te r  in  common (D uncan 
m u ltip le  ran g e  t e s t ;  av e rag e  of 9 r e p l ic a te s ) .
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F ig u res  I and  II . The e ffe c t of s a l t s  on v ic to r in - in d u c e d  v is ib le
sym ptom s in  s u s c e p tib le  o a t t i s s u e s .  The cu t 
s tem s in  both  fig u re s  w ere  g iv en  a 24 hr u p tak e  
in  w a te r  or s a l t  s o lu tio n s  o f v ic to r in  (front row) 
or in  w a te r  or s a l t  c o n tro l so lu tio n s  (back ro w ).
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M g C ^  and  M nClg t r e a te d  t i s s u e  w ere  ev en  low er th a n  th a t  o f th e  
am bien t so lu tio n  c o n ta in in g  th e  C a C ^  tre a te d  t i s s u e  (Table 1).
T hese  r e s u l ts  r a is e d  th e  q u e s tio n  of w h e th e r th e  s u p p re s s iv e  
e ffe c t o f C a C ^  on  th e  v ic to r in - in d u c e d  e le c tro ly te  lo s s  co u ld  be  
re v e rse d  by add ing  o th e r  s a l t s  to  th e  v ic to r in -C a C lg  s o lu t io n .
R e su lts  (Table II) show  th a t  B a C ^  an d  S r C ^  w ere  not a b le  to  s ig n i­
f ic a n tly  a l te r  th e  s u p p re s s iv e  e ffe c t of C a C ^ *  In c o n tr a s t ,  N a C l,
KC1, and p a r tic u la r ly  M gC l2 w ere  a b le  to  p a r t ia l ly  re v e rse  th e  e ffe c t 
of C a C l2  bu t none of th e  s a l t s  t e s te d  w ere  a b le  to  co m p le te ly  re v e rse  
th e  s u p p re s s iv e  e ffe c t of C a C l2  •
R e su lts  (Table III) confirm  p rev io u s  rep o rts  th a t  p re tre a tm e n t 
w ith  k in e tin  e n h a n c e s  th e  e ffe c t of v ic to r in  on p e rm e ab ility  (27 ). 
R e su lts  (Table IV) sh o w , h o w ev er, th a t  s im u lta n eo u s  trea tm e n t 
with k in e tin  e n h an c ed  th e  e ffe c t of v ic to r in  much more th a n  d id  
p re trea tm en t (Table I I I ) . T h is m ight b e  e x p e c te d  s in c e  Luke and  
Freem an (25) su g g e s te d  th a t  p h y to k in in s  do not in c re a s e  th e  to x ic i ty  
of v ic to r in , b u t ra th e r  e n h an c e  i t s  e f fe c t  by in c re a s in g  th e  u p tak e  
of th is  to x in . The su p p re s s io n  o f th e  v ic to r in - in d u c e d  e le c tro ly te  
lo s s  by C aC lg  w a s  no t s ig n if ic a n tly  a lte re d  by e ith e r  s im u lta n eo u s  
o r p re trea tm en t w ith  k in e tin  (T ables III an d  IV). The v is ib le  
sym ptom s in d u ce d  by  v ic to r in  in  t i s s u e ,  e ith e r  p re tre a te d  (F ig . 3) 
of s im u lta n e o u s ly  tr e a te d  w ith  k in e t ih ,  w ere  a ls o  s u p p re s s e d  by 
C a C ^ . T his d a ta  c o rre la te s  w ith  th e  p e rm e ab ility  d a ta  in  T ab les  III
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T able  I I .  E ffect of s a l t s  on  th e  v ic to r in - in d u c e d  e le c tro ly te  lo s s  from 
s u s c e p tib le  o a t t i s s u e  in  th e  p re s e n c e  o f C a C l2 ( 0 . 1M ).
S a lt so lu tions®
C o n d u c tiv ity  (M icrom hos) 
C o n tro ls  V ictorin  
(no v ic to rin ) (4 u n its /m l)
Change*3 
(% of c o n tro ls )
N one (H 2 O) 24 90 275 a
C a C l2 + M gC l2 (0 .1M ) 44 125 184 b
+ KC1 (0 .2M ) 52 106 104 c
+ N aC l (0 .2M ) 56 101 80 c
+ S rC l2 (0 .1M ) 49 71 45 d
+ B aC l2 (0 .1M ) 53 75 42 d
C aC lg  a lo n e 34 44 29 d
a C ut s tem s w ere  g iv e n  12 hr u p tak e  in  s a l t  (co n tro ls) o r v ic to r in - s a l t  
s o lu tio n s  c o n ta in in g  C a C l2  th e n  p la c e d  in  d is t i l le d  w a te r  and  sh a k en  
for 8 h r .
^E ach  ch an g e  d iffe rs  s ig n if ic a n tly  a t th e  0 .0 5  le v e l  from  o th e r  c h an g e s  
w ith  w h ich  i t  d o e s  not h av e  a le t te r  in  comm on (D uncan  m u ltip le  
ran g e  t e s t ;  a v e ra g e  of 9 r e p l ic a te s ) .
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T ab le  I I I .  E ffect of C a C l2 (0 .1M ) on  th e  v ic to r in - in d u c e d  e le c tro ly te  
lo s s  from s u s c e p tib le  o a t t i s s u e  p re tre a te d  w ith  k in e tin  
(2 ppm ).
T rea tm en ts3 C o n d u c tiv ity  Change*3
First S econ d (M icro m hos) (% of co n tro ls)
K inetin W ate r (control) 48
K inetin V ictorin  (4 u n its /m l) 183 281 a
W ate r W ate r  (contro l) 48
W ate r V ictorin  (4 u n its /m l) 144 200 b
K inetin C a C ^  (control) 76
K inetin C a C l2 + v ic to r in  (4 u n its /m l) 89 17 c
a
C ut s te m s w ere  g iv e n  12 hr u p tak e  in  th e  f i r s t  trea tm e n t an d  12 hr 
u p tak e  in  th e  se c o n d  trea tm en t th e n  p la c e d  in  d is t i l le d  w a te r  and 
sh a k e n  for 8 h r .
b Each c h an g e  d iffe rs  s ig n if ic a n tly  a t  th e  0 .0 1  le v e l  from o th e r  
c h an g e s  w ith  w h ich  it  d o es  not have  a  le t te r  in  coitvmon (D uncan _ 
m u ltip le  range  t e s t ;  a v e rag e  of 9 r e p l i c a te s ) .
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Table  IV. Effect of C a C l2 ( 0 . 1M) on th e  v ic to r in - in d u c e d  e le c t ro ly te  
l o s s  from s u s c e p t ib le  o a t  t i s s u e  in  th e  p r e s e n c e  of k in e t in  
(2 ppm).
T rea tm en ts3
C o n d u c tiv i ty
(Micromhos)
C hang e^
(% of con tro ls )
K inetin  (control) 44
Kinetin + v ic to r in  (4 u n i ts /m l) 228 418 a
W a te r  (control) 43
Victorin (4 u n i ts /m l) 156 263 b
Kinetin  + C a C l2 (control) 74
Kinetin + C a C l 2  + v ic to r in  (4 u n i ts /m l) 94 27 c
C a C l2 (control) 73
C a C l2 + v ic to r in  (4 u n i ts /m l) 90 23 c
aC u t s te m s  w ere  g iv en  12 hr u p tak e  in  th e  d ifferen t t re a tm e n ts  th e n  
p la c e d  in  d i s t i l l e d  w a te r  and sh a k e n  for 8 h r .
^Each change  d iffe rs  s ig n if ic a n t ly  a t  th e  0 .0 1  le v e l  from o ther  
c h a n g e s  w ith  w h ich  it  d o e s  not h ave  a  le t t e r  in  common (Duncan 
m ultip le  range  t e s t ;  a v e rag e  of 9 r e p l i c a t e s ) .
Figure III . The e ffec t  of C a C l 2  (0 .1M ) on v ic to r in - in d u c e d  v i s ib le  
sym ptom s in  s u s c e p t ib le  o a t  t i s s u e  p re t re a te d  w ith  
k in e t in  (2 ppm ). The c u t  s te m s  in  th e  front row w ere  
t r e a te d  w ith  w a te r  or C a C l 2  s o lu t io n s  of v ic to r in  and 
th e  c u t  s te m s  in  th e  b a ck  row w ere  t r e a te d  w ith  w a te r  or 
C aC lg  co n tro l  s o lu t io n s . The cut s tem s  on th e  le f t  w ere  
not p re t re a te d  w ith  k in e t i n .
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a n d  IV. R e s u l t s  o f  tw o s e r i e s  of e x p e r im e n ts  (T able  V) show  th a t  th e  
e n h a n c in g  e f f e c t  of k in e t in  p re t r e a tm e n t  on  th e  v ic to r in - in d u c e d  
e le c t r o ly te  l o s s  i s  s u p p r e s s e d  w h e n  th e  t i s s u e  i s  s im u l ta n e o u s ly  
p r e t r e a te d  w ith  C a C l 2 < The p re t re a tm e n t  w ith  C a C ^  w a s  on ly  a b le  
t o  r e d u c e  th e  p e r c e n ta g e  c h a n g e  in  e le c t r o ly te  l o s s  dow n to  th e  le v e l  
in d u c e d  by  v ic to r in  a l o n e .
The r e s u l t s  o f  e x p e r im e n ts  on  c a lc iu m  n u t r i t io n  (F ig s .  IV a n d  
V) sh o w e d  th a t  th e  l e a f  a n d  roo t s y s te m s  o f b o th  v a r i e t i e s  w e re  g re a t ly  
r e d u c e d  b y  d e f i c ie n t  c a lc iu m  n u t r i t i o n .  W ith  low  c a lc iu m  n u t r i t io n ,  
h o w e v e r ,  th e  l e a f  an d  ro o t s y s te m s  o f  th e  s u s c e p t i b l e  v a r ie ty  w e re  
m ore r e d u c e d  th a n  t h o s e  o f  th e  r e s i s t a n t  v a r i e t y . The s u s c e p t ib l e  
v a r ie ty  a p p e a r s  t o  b e  more s e n s i t i v e  to  c a lc iu m  d e f i c i e n c y ,  bu t 
b e fo re  d e f in i te  c o n c lu s io n s  c a n  b e  d ra w n ,  o th e r  r e s i s t a n t  an d  s u s ­
c e p t ib l e  v a r i e t i e s  sh o u ld  b e  t e s t e d  t o  e l im in a te  t h e  p o s s ib i l i t y  o f  
v a r i e t a l  p e c u l i a r i t i e s .  V ic to r in - in d u c e d  c h a n g e s  in  r e s i s t a n t  t i s s u e s  
h a v e  b e e n  r e p o r te d  u n d e r  c o n d i t io n s  of long  e x p o s u r e s  to  low d i l u ­
t io n s  o f v ic to r in  (1 2 ) .  R e s u l ts  o f  t e s t s  to  d e te rm in e  i f  l a rg e r  c h a n g e s  
c o u ld  b e  in d u c e d  in  c a lc iu m  d e f i c ie n t  r e s i s t a n t  o a t  t i s s u e s  w e re  
n e g a t i v e .
R e s u l t s  o f p re l im in a ry  e x p e r im e n ts  (Table  VI) show  th a t  C a C l 2  
a l s o  s u p p r e s s e d  v ic to r in - in d u c e d  r e s p i r a t io n  b u t  no t n e a r ly  a s  much 
a s  i t  s u p p r e s s e d  v ic to r in - in d u c e d  e le c t r o ly te  l o s s  (T able  I ) .  The 
d i f f e r e n c e  b e tw e e n  th e  p e r c e n ta g e  c h a n g e  v a lu e s  of E xperim en t 1 and
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Table V. Effect of p re trea tm en t w ith  C a C l2 (0 .1M ) and k in e t in  (2 ppm) 
on  th e  v ic to r in - in d u c e d  e le c t ro ly te  lo s s  from s u s c e p t ib le  o a t  
t i s s u e .
Treatments®
F irs t  S econd
C o n d u c tiv i ty ^  C h an ge  
(M icromhos) (% o f con tro ls )
Experiment 1 . ( t r ip l ica te  sam p les)
Kinetin W ate r  (control) 49(45-53)
Kinetin Victorin  (4 u n i ts /m l) 188(176-204) 284
Kinetin + C a C ^ W ate r 67(61-71)
Kinetin + C aC lg Victorin 221(210-234) 230
W a te r W ate r 41(39-42)
W ate r Victorin 138(128-146) 247
Experiment 2 .  (d u p lica te  sam ples)
Kinetin W a te r  (control) 45(44-45)
Kinetin Victorin  (4 u n i ts /m l) 126(116-136) 180
Kinetin + C a C l2 W ate r 52(49-55)
Kinetin  + C a C l 2 Victorin 119(104-133) 129
W ate r W ate r 42(40-44)
W ate r Victorin 99(98-100) 136
a
Cut s te m s  w ere  g iv en  12 h r u p tak e  in  th e  f i r s t  t rea tm e n t  and  12 hr 
up take  in  th e  se c o n d  trea tm e n t  th e n  p la c e d  in  d i s t i l l e d  w a te r  and  
sh a k en  for 8 h r .
^ D a ta  a re  a v e ra g e s  and  ran g e s  {in p a re n th e s e s )  of v a lu e s  o b ta in ed  







F igu res  IV and  V. The e ffe c t  of d if fe ren t  l e v e ls  of ca lc iu m  n u tr it ion
on  th e  le a f  and  root sy s te m s  of a  s u s c e p t ib le  
v a r ie ty  (S) and  a r e s i s t a n t  v a r ie ty  (R) of o a t s .
Experiment 3 (Table VI) i s  e x p la in e d  on th e  b a s i s  th a t  th e  v ic to r in  
in d u ced  re s p i ra t io n  ra te  h a s  re a c h e d  a p eak  a f te r  12 hr up take  and  
h a s  d e c l in e d  c o n s id e ra b ly  a f te r  24 hr u p ta k e .  Both th e  v ic to r ln -  
t r e a te d  and  v ic to r in -C a C l 2  t r e a te d  t i s s u e s  show th i s  re sp ira to ry  
p a t t e r n .
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Table VI. The e ffec t  of C a C l 2  ( 0 . 1M) on v ic to r in - in d u c e d  r e s p i ra t io n  
in  s u s c e p t ib le  oa t  t i s s u e .
Treatments®
R esp ira t io n 13 
u l  0 2 / g m / h r
C hange  
(% of con tro ls )
Experiment 1.
12 h r  up tak e
HgO (control) 
v ic to r in  (20 u n its /m l)
157(139-175)
478(460-496) 204
C aC lg  (control)
C a C ^  + v ic to r in  (20 u n i ts /m l)
155(120-189)
382(380-384) 146
Experiment 2 .  (two s e q u e n t ia l  t rea tm en ts )
11 hr u p tak e  14 hr up take
h  o h 2o
H 2 O v ic to r in  (20 u n its /m l)
204(204)
424(409-439) 178
C a C l2 H20




24 h r up tak e
H2 °
v ic to r in  (20 u n its /m l)
190(183-197)
280(268-292) 47
C a C l2




21 hr u p tak e
H2 °
v ic to r in  (4 u n i ts /m l)
197(190-204)
471(467-475) 139
C a C l2 (0 .1M )
C a C ^  + v ic to r in  (4 u n i ts /m l)
223(220-225)
373(368-377) 67
a Cut s tem s w ere  g iv en  u p tak e s  a s  show n under e ac h  experim ent befo re  
re sp ira to ry  r a te s  w ere  d e te rm in e d .
^ D a ta  a re  a v e ra g e s  an d  ran g e s  (in p a re n th e s e s )  of v a lu e s  o b ta in ed  w ith 
d u p l ic a te  s a m p le s .
DISCUSSION AND CONCLUSIONS
It i s  o b v iou s  from th is  s tud y  th a t  C a C ^  i s  som ehow a b le  to  
s u p p re s s  th e  e f fe c ts  of v ic to r in .  There  a re  s e v e ra l  p o s s ib le  e x p la n a ­
t io n s  for th i s  s u p p re s s iv e  e ffe c t  o f C a C ^ .  The s im p le s t  i s  th a t  th e  
to x in  h a s  b e e n  d e a c t iv a te d .  There a re  s e v e ra l  l in e s  of e v id e n c e ,  
h o w ev er ,  w h ich  su g g e s t  th a t  th e  a c t io n  of C a C l 2  i s  not th a t  s im p le .  
T h ese  a re  a s  fo l lo w s . (a) N aCl and  p a r t ic u la r ly  KC1 w e re  a b le  to  
p a r t ia l ly  r e v e r s e  th e  s u p p re s s iv e  e f fe c t  o f  C a C l 2  (Table I I ) .  (b) The 
s u p p re s s iv e  e ffe c t  o f  C a C l2 w as  not s ig n i f ic a n t ly  a l te re d  by e i th e r  
p re trea tm en t or s im u lta n eo u s  t rea tm e n t  w ith  k in e t in  (T ab les  III and  
IV). (c) The en h an c ing  e ffec t  of k in e t in  p re trea tm en t  on th e  v ic to r in -  
in d u c e d  p e rm eab il i ty  ch an g e  w as  s u p p r e s s e d  by s im u lta n e o u s  p r e ­
t rea tm e n t  w ith  C a C l 2  (Table V). An experim en t w h ich  m ight de te rm ine  
if  th e  to x in  i s  be in g  d e a c t iv a te d  by C a C l 2  w ou ld  be  to  in c u b a te  a  
so lu t io n  of v ic to r in  w ith  C a C l 2  for s e v e ra l  hours  th e n  p a s s  th e  
in c u b a te d  so lu t io n  through a c a t io n  e x c h a n g e  co lum n . If th e  
v ic to r in  reg a in ed  i t s  to x ic i ty  i t  w ou ld  s tro n g ly  s u g g e s t  th a t  th e  
a c t io n  of C a C l 2  i s  not d e a c t iv a t io n .
Another p o s s ib le  e x p la n a t io n  for th e  a c t io n  of C a C l 2  i s  th a t  
i t  may b lo ck  up tak e  or ab so rp t io n  of th e  to x in  by th e  t i s s u e .  The 
fac t  th a t  C a C l2 w a s  a b le  to  su p p re s s  v ic to r in - in d u c e d  r e s p i ra t io n
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(Table VI), but not n ear ly  a s  much a s  i t  s u p p re s s e d  th e  perm eab ility  
c h an g e  (Table I) w o u ld  seem in g ly  e l im in a te  th e  p o s s ib i l i ty  th a t  th e  
up tak e  of th e  to x in  h a s  b e e n  co m p le te ly  b lo ck e d  by C a C l 2  • If th e  
a c t io n  o f  C a C l 2  i s  to  b lo ck  u p ta k e , one sh o u ld  b e  a b le  to  d e te c t  
d i f fe re n c e s  in  th e  am ount of so lu t io n s  ta k e n  up by  v ic to r in  and  
v ic to r in - C a C l 2  t r e a te d  t i s s u e s .
Two o th e r  l in e s  of e v id e n c e  w h ich  su g g e s t  th a t  th e  a c t io n  of 
C a C ^  i s  not ju s t  s im ply a  d e a c t iv a t io n  or b lo ck a g e  of u p tak e  of the  
to x in  a re  a s  fo l lo w s ,  (a) The s u s c e p t ib le  o a t  v a r ie ty  (Victorgrain 
48-93) w a s  more s e n s i t iv e  t o  c a lc iu m  d e f ic ie n c y  th a n  w a s  th e  
r e s i s t a n t  oa t v a r ie ty  ( C . I .  7418). (b) C e r ta in  s im i la r i t ie s  e x is t  
b e tw e e n  v ic to r in - in d u c e d  and ca lc iu m  d e f ic ie n c y - in d u c e d  v is ib le  
and  u l t r a s t ru c tu ra l  c h a n g e s  (to be  d i s c u s s e d  in  more d e ta i l  l a te r ) .
T his  le a d s  to  an o th e r  p o s s ib le  e x p la n a t io n  for th e  a c t io n  of C a C l 2  
in  su p p re ss in g  v ic to r in - in d u c e d  d i s e a s e  sym ptom s; th e  ro le  of 
c a lc iu m  in  th e  m a in ten a n ce  of c e l l  w a l l  a n d  p lasm alem m a p e r ­
m eab il i ty  an d  s t a b i l i ty .
The f in d in g s  of H an ch ey  e t  a l .  (16) on th e  s e q u e n c e  of u l t r a -  
s t ru c tu ra l  c h a n g e s  in d u c e d  by  v ic to r in  in  s u s c e p t ib le  o a t  ro o ts  are  
in  ag reem en t w ith  th e  id e a  th a t  c a lc iu m  may p lay  an  im portan t ro le  
in  th i s  d i s e a s e  sy n d ro m e . One of th e  e a r l i e s t  u l t r a s t ru c tu ra l  
c h a n g e s  w h ich  th ey  co u ld  d e te c t  w a s  a  dark  s ta in in g  of th e  c e l l  
w a l l  a f te r  p e rm angana te  f ix a t io n .  This in d ic a te d  an  e a r ly  change
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in  th e  p h y s ic o c h e m ic a l  p ro p e r t ie s  of th e  c e l l  w a l l  a n d ,  b a s e d  on i t s  
s ta in in g  p r o p e r t i e s , th e y  s u g g e s te d  th a t  th i s  ch an g e  in vo lv ed  some 
c a rb o h y d ra te  com ponent of th e  w a l l .  Although th e  n a tu re  of su ch  a 
c a rb o h y d ra te  com ponen t w a s  not d e te rm in e d , th e re  i s  a  strong  
p o s s ib i l i ty  th a t  p e c t ic  s u b s ta n c e s  may be  inv o lved  s in c e  th ey  make 
up one  of th e  m ajor p o ly s a c c h a r id e  f ra c t io n s  in  th e  c e l l  w a l ls  of 
h igher  p la n ts  (9). P e c t ic  s u b s ta n c e s  a re  a l s o  reg a rd ed  a s  th e  
p r in c ip le  com ponen ts  of th e  m iddle  la m e lla  or " in te rc e l lu la r  cem ent"  
and  a re  b e l ie v e d  to  c o n s i s t  o f co m plexes  of co n tig u o u s  p e c t ic  a c id  
c h a in s  l in k e d  prim arily  th rough  c a lc iu m - s a l t  b r id g es  w h ich  co n tr ibu te  
to  th e  s t ru c tu ra l  s t a b i l i ty  of th e  c e l l  w a l l .  This ea r ly  e f fe c t  of 
v ic to r in  on th e  u ltra  s t ru c tu re  of th e  c e l l  w a l l  may p o s s ib ly  be d u e ,  
th e n ,  to  a n  a l te r a t io n  of th e  ca lc iu m  com ponent of th e  m iddle 
l a m e l l a .
This dark  s ta in in g  of th e  c e l l  w a l l  may a ls o  be  an  in d ic a t io n  
of l ig n i f i c a t io n ,  s in c e  H e lp e r  and  Newcomb (18) s ta te  th a t  l ig n in  
i s  p a r t ic u la r ly  r e a c t iv e  w ith  p e rm angana te  and  th a t  th e  e le c tro n  
d e n s i ty  of th e  w a l l  r e f le c t s  th e  d e g re e  of l ig n i f ic a t io n .  This is  
e s p e c ia l ly  in te re s t in g  in  view  of th e  report by  Lipetz (23) th a t  
l ig n i f ic a t io n  in  t i s s u e  c u l tu re s  w a s  in h ib i te d  by h igh  l e v e ls  of 
c a lc iu m .
Another of th e  e a r l i e s t  u l t ra s t ru c tu ra l  ch an g e s  o b se rv e d  by 
H anchey  e t  a l .  (16) w a s  a  ch an g e  w h ich  made th e  unit membrane
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of th e  p lasm alem m a v is ib le  ove r  e x te n d ed  a r e a .  This undoubted ly  
in d ic a te s  a change  in  th e  p h y s ic o c h e m ic a l  p ro p e r t ie s  of th e  
p lasm a lem m a . T hese  au th o rs  h av e  a l s o  p o in ted  ou t th a t  a  s im ila r  
phenom enon w a s  repo rted  by M arinos (?8) in  ca lc iu m  d e f ic ie n t  shoo t 
a p ex  c e l l s  of b a r le y .  This ea rly  e f fe c t  of v ic to r in  on  th e  p lasm alem m a 
c o u ld  p o s s ib ly  be  in te rp re te d  a s  an  e f fe c t  on i t s  ca lc iu m  com ponent 
s in c e  s e v e ra l  w orkers  h ave  con c lu d ed  th a t  c a lc iu m  p la y s  a n  im portant 
ro le  in  membrane in te g r i ty  and  in  th e  reg u la tio n  of c e l l  p e rm eab il i ty  
(28, 35 ) .
It  i s  not very  su rp r is in g  th a t  th e  f irs t  d e te c ta b le  u l tra s t ru c tu ra l  
c h a n g e s  in d u ced  by v ic to r in  sh o u ld  be  a s s o c i a t e d  w ith  th e  p h y s io -  
c o ch e m ica l  p ro p e r t ie s  of th e  c e l l  w a ll  a n d /o r  p la sm a lem m a , s in c e  
th e  f i r s t  d e te c ta b le  p h y s io lo g ic a l  ch an g e  in d u ced  by v ic to r in  i s  a  
ch an g e  in  p e rm e ab il i ty .  W h e e le r  and  Black (37) w ere  a b le  to  d e te c t  
c h a n g e s  in  p e rm eab il i ty  so o n e r  th a n  c h a n g e s  in  r e s p i ra t io n ,  an d  they  
co n c lu d ed  th a t  if  a  c a u s a l  r e la t io n sh ip  e x i s t s  b e tw ee n  th e s e  two 
c h a n g e s  th e  pe rm eab il i ty  ch an g e  i s  re s p o n s ib le  for th e  re sp ira to ry  
c h a n g e .  G h ab r ia l  and  Pirone (15) repo rted  th a t  a l te re d  p e rm eab il i ty  
w a s  th e  in i t ia l  ch an g e  d e te c te d  in  th e  to b a c c o  e tch  v i ru s - in d u c e d  
w il t  of T ob asco  p ep p er  and  th ey  s u g g e s te d  a  c a u s a l  r e la t io n sh ip  
b e tw ee n  th e  pe rm eab il i ty  ch an g e  and  w ilt ing ;  th e  former be ing  
r e s p o n s ib le  for th e  l a t t e r .  L ai, W e in h o ld ,  and  H ancock  (22) a ls o  
repo rted  th a t  a l te re d  p e rm eab il i ty  w as  th e  in i t i a l  ch an g e  d e te c te d
in  mung b e a n s  in fe c te d  w ith  R h izoc ton ia  so la n i  Kuhn. T hese  d a ta  
support th e  su g g e s t io n  by W h e e le r  and  Luke (39) th a t  pe rm eab il i ty  
c h a n g e s  may re p re se n t  th e  in i t i a l  r e s p o n s e  of p la n ts  to  any p a th o ­
g e n ic  a g e n t .  S im ilar r e la t io n s h ip s  h av e  b e e n  repo rted  during 
s e n e s c e n c e  o f c l im a c te r ic  f ru i t .  A ltered p e rm eab ility  w as  s u g g e s te d  
a s  th e  c a u s a t iv e  fa c to r  in  the  c l im a c te r ic  r i s e  in  re s p i ra t io n  in  
r ipen ing  a p p le s  over 35 y e a r s  ago  (8 , 19). A s im ila r  c a u s a t iv e  
re la t io n sh ip  h a s  b e e n  s u g g e s te d  more r e c e n t ly  in  c l im ac te r ic  
av o cad o  and  b a n a n a  f ru i ts  by S a c h e r  (33, 34) and  Baur and  W orkm an 
(4). This e s ta b l is h m e n t  of a c a u s a t iv e  re la t io n s h ip  b e tw ee n  a l te re d  
p e rm eab il i ty  and  r e s p i ra t io n ,  h o w e v er ,  d o e s  not a n sw e r  th e  q u e s t io n  
of w ha t i n i t i a t e s  th e  p e rm eab il i ty  c h a n g e .
One p o s s ib le  m echan ism  for th e  in i t ia t io n  of th e  v ic to r in -  
in d u ced  p e rm e ab il i ty  ch an g e  i s  th a t  v ic to r in  som ehow a c t iv a te s  
c e l l  w a l l  deg rad ing  enzy m es  or r e l e a s e s  th e  in h ib i t io n  of c e l l  w a ll  
degrad ing  e n z y m e s .  E vidence  for c e l l  w a ll  d eg rad a t io n  com es from 
th e  fac t  th a t  s u s c e p t ib le  oat t i s s u e s  t r e a te d  w ith  high c o n c e n tra t io n s  
of v ic to r in  c o l l a p s e d  and  lo s t  h a lf  o f th e i r  dry w e igh t (37). Fu rthe r­
m ore, Krupka (20) reported  th a t  th e  a c t iv i ty  of a sc o rb ic  a c id  o x id a s e  , 
an  enzym e know n to  be  a s s o c i a t e d  w ith  p la n t  c e l l  w a l ls  (31), 
in c re a s e d  in  v ic to r in - t r e a te d  t i s s u e  and  w a s  a s s o c i a t e d  w ith  a 
d e c r e a s e  in  a s c o rb ic  a c id  c o n te n t .  In  a d d i t io n ,  W h e e le r ,  Krupka, 
and  Amador (38) repo rted  th a t  th e  enzym atic  o x id a t io n  of a sc o rb ic
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a c id  w a s  con fin ed  to  th e  c e l l  w a l l  f rac t io n  in  u n trea te d  o a t  t i s s u e , but 
s e v e ra l  hours a f te r  v ic to r in  trea tm en t high le v e ls  of a sc o rb ic  a c id  
o x id a tio n  w as  found in  th e  nonw all f r a c t io n .  Another l in e  of e v id e n c e  
w h ich  In d ic a te s  th a t  v ic to r in  t rea tm e n t  a c t iv a te s  c e l l  w a ll  enzym es is  
th e  developm ent of l e s io n s  w ith in  th e  c e l l  w a l ls  of t r e a te d  oat t i s s u e  (16).
P e c t ic  enzym es h av e  b e e n  im p lica te d  a s  fac to rs  in many p h y to -  
p a th o lo g ic a l  p r o c e s s e s  (5 , 40) and  a re  repo rted  to  be  firmly bound to  
c e l l s  w a l ls  (31). At th e  p re se n t  t im e  no m ech an ism s a re  known w hich  
s p e c i f ic a l ly  re g u la te  p e c t ic  enzym e a c t iv i t i e s  in  p la n ts  (5). D iv a len t  
c a t io n s  undoubted ly  p lay  an  im portant ro le  s in c e  p e c t in  t r a n s - e l im in a s e s  
(PTE) a re  s t im u la te d  by ca lc ium  (13) and  p o ly g a la c tu ro n a se s  (PG) a re  
in h ib i ted  by ca lc ium  (10). T hus, c a lc iu m  c h e la t in g  a g e n ts  w hich  
cou ld  p reven t th e  form ation of in so lu b le  s a l t  co m p lex es  w ith  p e c t ic  
s u b s ta n c e s  w ould  be  e x p e c te d  to  in c r e a s e  PG a c t iv i ty  and  d e c r e a s e  PTE 
a c t iv i ty  on p e c t ic  s u b s t r a te s  (5). C o rd e n , E lson , and  Bell (10) h av e  
repo rted  t h a t ,  in  ad d it io n  to  c a lc iu m , num erous o th er  d iv a len t  c a t io n s  
are  inh ib ito ry  to  PG a c t iv i ty .  In com paring th e  re la t iv e  a b i l i t i e s  of the  
d iv a len t  c a t io n s  rep o rted  in  th i s  s tud y  to  su p p re s s  v ic to r in - in d u c e d  
p e rm eab il i ty  c h a n g e s  and  th e  r e la t iv e  a b i l i t i e s  of th e  sam e c a t io n s  
repo rted  by C o rd en  e t  a l .  (10) to  in h ib i t  PG a c t iv i ty  one  f inds  a  
very  s tr ik in g  r e la t io n s h ip .  C a lc iu m , s tro n tiu m , barium  and 
m an ganese  w ere  found to  inh ib it  PG a c t iv i ty  in  th a t  o rd er ,  w h ile  
m agnesium  w a s  found to  s t im u la te  i t s  a c t iv i t y .  W ith  th e  e x c e p tio n
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of m a n g a n e se ,  th e  sam e p a t te rn  w a s  found w ith  reg a rd  to  th e  a b i l i ty  
o f t h e s e  sam e c a t io n s  to  s u p p re s s  v ic to r in - in d u c e d  perm eab il i ty  
c h a n g e s  in  th e  p re s e n t  s tu d y ,  and  e v e n  m an g a n ese  may fit th is  
p a t te rn  s in c e  th e  d a ta  o b ta in ed  w i th  m an g an ese  i s  su b je c t  to  s e v e ra l  
in te r p r e ta t io n s .
V ictorin  t rea tm e n t  may a c t iv a te  c e l l  w a l l  e n z y m e s , p a r t ic u la r ly  
p o ly g a la c tu ro n a s e s , w h ic h  in  tu rn  may in i t i a t e  p e rm e ab il i ty  c h a n g e s .
This id e a  i s  e x p e c ia l ly  a t t r a c t iv e  in  v iew  of th e  report  by Lai et a l .
(22) th a t  d ro p le ts  c o l le c te d  from d ev e lo p in g  l e s io n s  on  Rj_ so la n l  
in fe c te d  mung b e a n  h y p o co ty ls  c o n ta in e d  a p o ly g a la c tu ro n a se  w h ich  
w h en  in f i l t r a te d  in to  h e a l th y  h y p o c o ty ls  in d u ce d  p e rm e ab il i ty  c h a n g e s . 
The m echan ism  of th e  su p p re s s iv e  e f fe c t  of c a lc iu m  may b e ,  th e n ,  
th e  in h ib i t io n  of c e l l  w a l l  deg rad ing  e n z y m e s .
The m echan ism  by w h ich  c a lc iu m  re g u la te s  io n  u p ta k e  i s  not 
known; how ever ,  i t  i s  p o s tu la te d  th a t  c a lc iu m  c r e a te s  a  p e rm eab il i ty  
b a rr ie r  a t  th e  m em brane su r fa c e  w h ich  g o v ern s  th e  a c c e s s i b i l i ty  of 
a b so rp t io n  s i t e s  to  d iffe ren t  c a t io n s  (35). I t  h a s  a l s o  b e e n  p o s tu la te d  
th a t  l o s s  o f su c h  p e rm e ab il i ty  b a rr ie rs  co u ld  b e  e x p e c te d  to  le a d  to  
c h a n g e s  in  p ro to p la sm ic  c o m p a r tm e n ta liz a t io n  and  th u s  a l t e r  r e la t io n s  
b e tw ee n  enzym es an d  s u b s t r a te s  (33). T his  s u g g e s t s  a n o th e r  p o s s ib le  
m echan ism  for th e  in i t i a t io n  of th e  v ic to r in - in d u c e d  p e rm eab il i ty  c h a n g e ,  
Victorin may a l t e r  th e  p e rm eab il i ty  b a rr ie r  by th e  c h e la t io n  of c a lc iu m , 
w h ich  in  tu rn  co u ld  re s u l t  in  th e  a c t iv a t io n  of c e l l  w a l l  e n z y m e s .
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The m echan ism  of th e  s u p p re s s iv e  e f fe c t  o f C a C l 2  w ould  m ost l ik e ly  
be  a  su rfa ce  phenom enon In th i s  c a s e  s in c e  thu  c e l l s  of v ic to r in - C a C l 2  
t r e a te d  t i s s u e  w ould  un do u b ted ly  c o n ta in  e x c e s s iv e  c a lc iu m . This 
e x c e s s iv e  ca lc iu m  co u ld  th e n  r e p la c e  th e  c h e la te d  ca lc iu m  an d  m ain ­
ta in  th e  p e rm e ab il i ty  b a r r ie r .  If th e  s u p p re s s iv e  e f fe c t  of C a C l 2  i s  a  
su rfa ce  phenom enon p r e -  an d  p o s t - t r e a tm e n t  w ith  C a C l 2  w ou ld  no t be 
e x p e c te d  to  be a s  e f fe c t iv e  in  su p p re s s in g  th e  v ic to r in - in d u c e d  pe r­
m ea b il i ty  ch an g e  a s  s im u lta n e o u s  C a C l 2  t r e a tm e n t .
The m echan ism  for th e  s u p p re s s iv e  e f f e c t  of c a lc iu m  h a s  no t 
been  e lu c id a te d  in  t h i s  s tu d y ,  h o w ev er ,  the  p re lim inary  d a ta  ob ta ined  
from th e  c a lc iu m  n u tr i t io n  t e s t s  m ay p rov ide  a  c lu e  for th e  b a s i s  of 
r e s i s t a n c e  to  v ic to r in -  or H elm ln thosporium  v ic to r ia e - in d u c e d  d i s e a s e  
and  m erits  fu r the r  s tu d y .
SUMMARY
V ic to r in - in d u ced  p e rm eab il i ty  c h a n g e s  and  v is ib le  sym ptom s in 
s u s c e p t ib le  oat t i s s u e  w ere  a lm ost com ple te ly  s u p p re s s e d  by 
C a C l2 and  p a r t ia l ly  s u p p re s s e d  by S rC ^* , N aC l2 , BaCl2 and 
KC1 had no s ig n if ic a n t  e f fe c t  on th e s e  c h a n g e s ,  w h e r e a s ,
M gC l2  and  M nCl2  ap p ea re d  to  e n h an c e  them .
N a C l,  KC1, and  M gCl2 w ere  a b le  to  p a r t ia l ly  re v e r se  th e  s u p p re s ­
s iv e  e ffe c t  of C a C l2 w h ile  B aC l2  and  S rC l2  w ere  not a b le  to  
s ig n if ic a n t ly  a l te r  i t .
P re trea tm en t or s im u lta n eo u s  treatm ent w ith  k in e t in  d id  not s ig n i ­
f ica n tly  a l t e r  the  s u p p re s s iv e  e ffe c t  of C a C l 2 - '
The enh an c in g  e ffe c t  of k in e t in  p re trea tm en t on the  v ic to r in -  
in d u ce d  p e rm eab il i ty  c h an g e  w as  s u p p re s s e d  by s im u lta n eo u s  
p re trea tm en t w ith  C aC l2  •
C a C l2 w a s  not a b le  to  su p p re s s  the  v ic to r in - in d u c e d  re sp ira to ry  
in c re a s e  n ear ly  a s  much a s  i t  su p p re s s e d  th e  perm eab il i ty  
i n c r e a s e .
The s u s c e p t ib le  oa t  v a r ie ty  (Victorgrain 48-93) w as  more s e n s i ­
t iv e  to  ca lc iu m  d e f ic ie n c y  th an  w a s  th e  r e s i s t a n t  oa t v a rie ty  
( C . I .  7418).
There a re  c e r ta in  s im ila r i t ie s  b e tw ee n  v ic to r in - in d u c e d  and 
ca lc ium  d e f ic ie n c y - in d u c e d  v is ib le  and  u l t ra s t ru c tu ra l  c h a n g e s .
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